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Abstract.  'We evaluated four baits for the dclivery of oral rabics vaccines to dogs. In a
controllcd study in a town in rural Mexico, 177 randomly sclected dogs were assigned to
_receive onc of four expericential baits (two of which were developed by the Denver Wildlife
Rescarch Center [DWRC)): onc of two cylindrical polyurcthanc sponges with a corn meal
coaling (onc fricd in corn oil [DWRC-com)], the other in fish oil [DWRC-fish]), a fish-
flavored polymer bait, or a wax bait. Each dog was also offcred a commercial dog biscuit,
We recorded whether or not the bait was completely consumed, and used the following

mcasurcs to estimatc the amount of oropharyngeal contact with each bait: total chewing.

time, presence.of pieces of bait on the ground following administration, the total arca of
ground surrounding the location of ingcstion that was covered with green dye contained
in\cach bait, and condition of ampules that contained the dye. The dog biscuits were
complctely consumcd significantly more ofien than the baits (155 of 176 [88%] for the
biscuits versus 89 of 176 [50.5%] for the four baits; P < 107¢), but were chewed for a
" significantly shorter time than the baits (mean time 34 sce for the biscuit versus 60-82 scc
for the four baits: » < 0.001). The idcal bait would probably combine the attractivencss
of the commercial biscuit and the ability of the sponge baits to promote conlact with the

mucous mcmbrancs.

Mass vaccination programs in dcveloped
countries and in scveral Latin American coun-
trics have been cflective in preventing rabies in
dogs, resulting in a marked reduction in the in-
cidence of both human rabies and postexposure
rabies treatments.? In the United States, for
instance, the application of such programs rc-
duced the number of rabid dogs from approxi-
matcly 5,000 annually in the early 1940s to fewer
than 200 in the 1980s, with human rabics cascs
dccreasing from over 50 per ycar to almost nonc
in 1990.-* The incidence of discasc differs no-
tably in the developing countrics of Africa and
Asia, where canine and human rabics arc still
major public health problems, and where rabid
dogs are responsible for more than 90% of the
25,000 human rabics deaths reported worldwide
cach ycar.}

The decrease in canine rabics in the developed
arcas of the world (e.g., Europe, United States,

and Canada) has revealed the significant under-
lying problem of wildlifc rabics. The fox, for in-

- stance, is the principal rabies reservoir in Europe

and Canada.* Since rabics contro! in foxcs by
population reduction (using poison or traps) has
failed,” altcmpts to immunize rather than kill

foxes have been made since the 1960s and:

1970s,*-'* with successful oral vaccination pro-
grams carricd out with attcnuated strains of ra-
bies virus in Switzerland in 1978 and in Ger-
many in 1984.''-'? Foxcs and other wild animals,
such as raccoons, can be also immunized with
rccombinant oral vaccines.!>

Since canine rabies programs using parenteral
vaccination oficn fail in devcloping countrics be-
causc an insufficicnt number of dogs arc vacci-
natcd, dogs arc another important potcnlial tar-
get for oral vaccination. Oral vaccination of dogs
may make vaccination Jess laborious than it is
today, and may cxpand public acceptance and
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EVALUATION OF BAITS FOR ORAL RABIES VACCINES

cooperation with caninc rabies control. Scveral
oral caninc vaccines arc undcer development, but
as yet, none have been used in the ficld.

Oral rabics vaccination requires both cflective
vaccines and baits to hold the vaccine, attract
target animals, and facilitate vaccine ingestion
and subsequent conlact between the vaccine and
the oral mucous membrancs.!® Scveral kinds of
baits for foxes and raccoons as well as systcms
for distributing those baits were developed and
evaluated during the 1970s and 1980s.!1-14. 1617
In contrast, the use of baits for possible dclivery
of oral rabics vaccine to dogs has not been well
studicd.'* We therefore conducted studies in a
rural arca of a devcloping country where canine
rabics is endemic. This report describes a ficld
evaluation of four types of dog baits that we stud-
icd in central Mexico.

MATiiRlAlS AND METHODS

The bait trials were carried out in a small vil-
lage in Puebla state, Mexico. A house-to-house
census of the entire village identified 292 housc-
holds with a total of 1,824 people and 710 dogs.
The ccnsus questionnaire included questions
about the dogs in each household (i.c., name, age,
and sex).

Before the study began, we randomly selectcd
245 (34.5%) dogs from a complcte caninc census
we conducted for a companion investigation,'”
and randomly assigncd one of four bait types to
be used in each trial. A commercial dog biscuit
was also offered to each tcst dog (as a control).
The address of the dog’s owner was obtained
from thc census, and the house was visited. Onc
tcam member explained the purposc of the study
to the owncr, dctermined if the dog was avail-
able, gave the bait (previously randomly assigned
for that dog) to the owncr, and measured the time
for the dog to contact, chew, swallow, and com-
pletcly ingest the bait. The sccond person re-
corded the study data. When' houscholds were
visited and the owner or dog was not at home,
the house was revisited daily for two days in
attcmpts to enroll the dog in the study.

Two of the baits, developed and produced by
the Denver Wildlifc Rescarch Center (DWRC)
of the Animal and Plant Health Inspection Scr-
vice, U.S. Department of Agriculture, were com-
posed of a cylindrical polyurcthane sponge (1.5
cm x 5.5 cm) that had a cavity to hold a wax
ampule and had been dipped in a commcrcial
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[food batter mix of com mcal, milk, and cgg. The

baits were then deep fried, onc in com oil
(DWRC-comn), and the other in fish oil (DWRC-
fish). Thesc baits were similar to thosc developed
for raccoons by Linhart and others,?® except that
these baits were hardencd by cxposure to air,
making it nccessary for the dogs to chew rather
than gulp them.

The other two baits, a fish-flavored polymer
bait and a wax bait, had been developed to de-
liver oral rabics vaccine to raccoons and foxcs,
respectively.?'-2? The wax baithada2 x 2 x |-
cm polystyrene blister pack, while the other three
baits containcd paraflin ampules (5 cm x 0.8
cm) filled with 2 ml of green vegetable dye. The
ampule simulated the vaccine container intend-
¢d for future oral vaccination of dogs. As a con-
trol, amedium-sized commercial dog biscuit (The
1AMS Co., Dayton, OH) was prescented to cach
dog, and the same information was rccorded as
with the other baits, cxcept for information about
the dye (there was no dyc or dye ampule in the
biscuits). The order of presentation of the bis-
cuils was varied, with the dogs receiving the bis-
cuit either before or alter the bait to determine
if initial cxposure to onc or the other influenced
bait acceptance, or the speed or completencss of
bait consumption.?®

Afler the trial protocol was explained to the
dog's owner, each dog was brought to the inves-
tigator. When there was more than one dog in a
houschold, the subject dog was isolated as much
as possible from the others during the trial. To
begin the trial, cach owner placed the bait on the
ground in front of the animal; then 2 member of
the. tcam rccorded the time clapsed to the dog's
initial physical contact with the bait, initial
chewing, initial swallowing, and complete con-
sumplion (no bait remaining on the ground). The
trial was terminated when the dog swallowed the
bait or after a maximum of 180 sec.

The following measurces were used to estimate
thc amount of oropharyngeal contact (the tissue
presumed critical for proper immunization by
the oral route): 1) the total chewing time, 2) the
presence of picces of bait found on the ground
(indicating partial consumption of the bait), 3)
the condition of the paraffin ampule (unbroken,
partially chewed, or swallowed), and 4) the total
arca of the ground covered with green dye (this
arca was cstimated by comparing the arca of
spillage with the size of various shaded circles
on a ficld data sheet).
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TabLE |
Percentage of baits chewed, swallowed, and completely ingested*

Teiak Physical contact Chewing Swallowing Complcie ingestion

Dait type initiated no. %) no. (%) Bo, (%) no. %)
Wax 39 29 (74) 17 (44) 10 (26) 4 (10)
DWRC-com 51 48 (94) 45 (88) 41 (80) 34 67
Polymer 48 46 (96) 43 (90) 35 (73) 24 (50)
DWRC-hish 39 35 (90) 33 (85) 29 (74) 27 (69)
Biscuit 176 176 (100) 171 97 169 (96) 155 (88)

®* DWRC = Denver Wildlife Research Center.

The animal’s behavior was also recorded as
suspicious if the animal appcared aggressive,
hesitant, or frightened at the time the bait was
presented; otherwise, it was characterized as
friendly.

The chi-square test, Fisher's exact test, and
Wilcoxon signed rank test were used for statis-

" tical comparisons, with P < 0.0l rcquired for

statistical significance. The log rank test for ho-
mogeneity was used to comparce the times for
complcte bait consumption. 23

RESULTS

Seventy-two pereent (177 of 245) of all dogs
randomly sclected were available for study. Of

. the 68 dogs that could not be cnrolled, 51 were

not at home during any of the visits, one was not
allowed to participate by the owncer, three es-
caped or had dicd, and two were too young (<

" three months). Eleven trials were excluded be-

causc the information was incompletc.

The dog biscuits were complctely consumed
more frequently (88%) than any of the baits (P
< 0.0001) (Tablc ). The most frequently con-
sumecd bait was DWRC-fish (69%), followed by
DWRC-comn (67%), polymer (50%), and wax
(10%). No significant diflcrence was found among
the percentages of DWRC-corn, DWRC-fish, or
polymer baits consumed, but the proportion of

cach of the three baits completely consumed was
greater than that of the wax baits. When the order
of prescntation was changed and the dog biscuit
was offered first, the bait acceptance increased
slightly, but this diflercnce was not statistically
significant.

Results of the four mcasurements to cstimate
thc amount of oropharyngeal contact were as fol-
lows.

1) The total mastication time¢ and the total
swallowing times did not differ statistically be-
tween bait types, but the dog biscuits were swal-
lowed significantly more rapidly than the baits
(P < 0.001) (Table 2 and Figure [).

2) Pieces of bait were lefi on the ground afier
bait chcwing with 100% of the wax baits, 92%
of the polymer baits, 74% of the DRWC-comn
baits, 67% of the DWRC-fish baits, and 55% of
the biscuits, but the differences were not statis-
tically significant (Table 3).

3) The ampulc (or sachet) remained intact (un-
broken) following bait consumption in the fol-
lowing percentage of completed trials: 50% with
wax baits, 46% with polymer baits, 9% with
DWRC-corn baits, and [1% with DWRC-fish
baits (Table 3).

4) Dyc was noted on the ground in 78% of the
trials with the DWRC-fish flavored baits, in 71%

‘of thc DWRC-corn bait trials, in 38% of the poly-
mer bait trials, and in none of the four trials in

TanLe 2
Time between bait presentation and the initiation of chewing, swallowing, and complete ingestion of bait*

Compicte lngestion (mean & SEM)

BDait type Chewing (mcan £ SEM) Swallowing (mcan £ SEM)
Wax 79 £ 19.9 61 + 18.7 92 + 22.9
DWRC-com 70 £ 9.5 37 £ 108 92 + 104
Polymer 82 £ 6.8 57 + 8.5 105 £ 9.1
DWRC-{ish 60 = 7.7 36 £ 7.2 75 £ 8.2
Biscuit 3417 22 + 1.7 47 £ 2.2

* All times arc in scconds. DWRC = Denver Wildlife Rescarch Center,
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Figure 1. Cumulative proportion of baits and biscuit complctcly consumed, by time since initiation of trial
in Atlixco, Mcxico, 1990. biscuit = a medium-sized commercial dog biscuit (The IAMS Co., Dayton, OH); fish
= a cylindrical polyurcthanc sponge (1.5 cm x 5.5 cm) that had a cavity to hold a wax ampule and had been
dipped in a commercial food batter mix of corn meal, milk, and cgg, and deep [ricd in fish oil; comn = a cylindrical
polyurcthane sponge (1.5 cm x 5.5 cm) that had a cavity to hold a wax ampule and had becen dipped in a
commercial food batter mix of corn mcal, milk, and cgg decp [ricd in com oil similar to those developed for
raccoons by Linhart and others;* polymer = a fish-flavorcd polymer bait developed to deliver oral rabies vaccine
1o raccoons;? wax = a wax block (2 x 2 x | cm) with a polystyrene blister pack in the center.?

which dogs completcly ingested the wax baits
(Table 3). There was no statistical differcnce be-

" tween the proportion of trials in which dye was

found on the ground with the DWRC-corn and
DWRC-fish baits. However, dye was found on
the ground significantly more oficn with the
DWRC-com and DWRC-fish baits than with the
wax baits or polymer baits. These differences may
have been due to the limited ingestion of the
polymer and wax baits.

If one considers only those cases in which dogs
accepted baits, the biscuit reached 88% of the
dog population, which is significantly morc often
than the DWRC-fish baits (69%), the polymer
bait (50%), and the wax baits (10%) (Tablc 4). If
onc considers only thasc cases in which dogs left
no picces of bait or dye as successful, the DWRC-
comn baits rcached 12%, the DWRC-fish baits
rcached 8%, the polymer baits reached 2%, and
the wax baits reached none of the dogs. (Since

TAbLE 3
Percentage of bait trials with unbroken ampule, pieces of bait, and dye left on the ground afier ingestion (trials

with complete bait ingestion only)*

Compictc in- i Dyc or picces
gestion Ampule unbroken Picces on the ground Dye on the ground oa the ground
Dait type (n) »o. %) »o. (%) »o. ~ (%) . no, %)
Wax 4 2 (50) 4 (100) 0 4 (100)
DWRC-com 34 3 9) 25 (74) 24 ()] 28 (82)
Polymer 24 11 (46) 22 (92) 9 (38) 23 (96)
DWRC-fish 27 3 (11) 18 67) 2] (78) 24 (89)
Biscuit 155 ND 85 (55) ND ND.
its did mot in dyc or an ampulc).

* DWRC = Denver Wildlife Rescarch Cenier; ND = not donc (the bi
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TavLE 4
Estimators of completencess of placcbo vaccine consumption®
Trials without
Bait completcly consumed Picces on the ground Picces or dye oa the ground
Bait type no. (%) no. (%) no. (%)

Wax . . 4/39% (10) 0 (1)) 0 ©)
DWRC~<om 34/51 67 12/51 24) 6/51 (12)
Polymer 24/48 (50) 2/48 @t 1748 @
DWRC-fish 27/39 69) 8/39 [v3))] 3/39 3)
Biscuit 1557177 (88)% 23/177 (13) NA

* DWRC = Denver Wildlife Rcsal'di Center; NA = not applicable,
t De i i1 the total of trialy,

$ P < 0.01 versus other baits, by Fisher’s caact test (2-tailed).

§ P < 0.001 versus individual baits, by Fisher's exact (st (2-tailed).

there was no dye in the biscuits, they could not’
be includced in this comparison.)
To dcterminc why some dogs failed to con-

.sume the baits, we studicd the relationship be-

tween sclected. epidemiologic and behavioral
variables and bait acceptance (Table 5). No sta-
tistical differences were found in bait acceptance
duc to age or sex of the dogs, but dogs with a
suspicious attitudc were less likcly to complctely
ingest the bait than were dogs with fricndly be-
havior (P = 0.002).

DISCUSSION

Dogs can be expected to consume those types
of food that arc more attractive and with which
they have had previous expericnce.!® Thus, bait
acceptance may also vary in different settings,
with diffcrent dog populations having different
food preferences and expericnces. The dogs in
our study had largely been fed on houschold lefi-
overs, mainly corn tortillas. This previous cx-
pericnce could have boosted the acceptance of
the corn bait, but cannot cxplam the grcatcr ac-
ceptance of the biscuits.

Since no completely safc and eflective oral vac-
cine has been developed for dogs, we cannot de-
terminc which of the variables we mecasured
would be most predictive of successful oral vac-
cination. Oral vaccines for wildlifc are believed
to be primarily absorbed through the oral mu-
cous membranes and tonsils.2® With attenuated
oral rabics vaccines, thcre may be substantial
(approximately 90%) cflective loss of activity
when the vaccine is placed in baits.?” This loss,
which may be due to less contact between the
vaccinc and mucous membranes than when vac-
cinc is placed dircctly on the tongue, can be com-

pensated for by placing a larger amount or higher
concentration of vaccine in the bait. Vaccines
may not b¢ immunogenic if vaccine baits arc
swallowed without chewing since gastric con-
tents arc sufficiently acidic to inactivatc most
attenuated rhabdovirus vaccine strains.

In cach bait trial, we considered two factors
that we believed would be markers for vaccine
acceptance and immunogcnicity when baits with
vaccines arc used: the efliciency of the attraction
providcd by the odor or taste of the bait matrix
(as measured by complete ingestion of the bait),
and the eflicicncy of the bait as a vaccine carrier

TADLE §
Bait rejection by age, sex, and behavior of dog*
‘Dogs Trials Dait rej
Variable sciccied  Imitiated no. (%)
Agc (months)
0.5-3 24 15 1M
>3-6 16 11 0(0)
>6-12 15 10 0(0)
>12-18 39 27 4(15)
>18-36 63 . 49 48
>36 87 64 9(14)
Total 244 176 18 (10)
Secx
Male 124 87 8(9)
Female 110 83 8 (10)
Total 234 170 16 (9)
Behavior
Suspicious NA 15 30t
Friendly NA 103 3(3)
Total 118 6(5)

‘Ihurqedmnfculodoplhud.dlotcomplddyhﬂuthame
caperimental bm or the blacuu. Totals for vasiabics differ bocause dogs
with missi deicied from this analysis, NA = not
applicable.

t I = 0.002 versus fricndly dogs, by Fisher's exact test (2-ailed).
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(as mcasurcd by dyc on the ground). Physical
configuration such as size, color, and texture were
characteristics that might have produced a vari-
ation in the results. Hardness and friability most
likely resulted in the high percentage of trials in
which picces of bait were left on the ground. The
ambicnt temperaturc during the trials melted the
wax baits that were originally for foxes in arcas
with cold temperaturcs. The fish-flavored poly-
mer baits were frequently broken into picces and
these picces were Ieft on the ground; this may
havc been in part duc to their large size. The
ampule in these baits appcared as an indcpen-
dent structurc that was recognized and kept scp-
aratc by thc dogs. Thc dogs appcared lcss ablc
to distinguish between the ampule and bait ma-
trix in both types of DWRC baits (corn and fish);
thcre may have better contact between the am-
pulc and the bait structure in these two bails.

The commercial dog biscuit was ingested more
often than any of the baits. Although no statis-
tical differcnces were found between the accep-
tance of the four baits, therec was a lower per-
centage of complete trials in which picces of
DWRC-com bait werc Icft on the ground, and
also a lower percentage of trials in which dyc was
found on the ground after consumption of this
bait. Thesc results suggest that the DWRC-corn
hait better fits the requirement of an cflicicnt
vaccine carrier. The ampule had been cither
chewed or swallowed in 91% of the DWRC-com
baits that were completely consumed. Howcver,
thc commecrcial dog biscuit appcared to be morc
attractive to the dogs than any of the baits, sug-
gesting the possibility of combining the attrac-
tants in the dog biscuit with the physical config-
uration of the DWRC baits.

The fact that picces of the capsule remained
on the ground in some cascs with all baits in-
dicatcs the potential for suboptimal vaccine de-
livery as well as for human contact with rabics
vaccine, and emphasizes the need for a vaccine
that is not harmful for humans or other animal
species. If such a vaccine was available, baits
might be distributed to unowned dogs, thus in-
creasing the total vaccine coverage.'®
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